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Abstract 
The misused antimicrobial agents can lead to the emergence of antibiotic-resistant pathogens, fueling an ever-increasing need for 
new drugs. Chemical compounds in plants can act as a source of new antimicrobial. The activity of six plants had been studied on 
ten microbes by broth microdillution method. Time-kill test of ethanolic extract of Anredera cordifolia was performed against 
Bacillus subtilis, Escherichia coli, MRCNS, dan Pseudomonas aeruginosa. Time-kill test of ethanolic extract of Tinospora 
tuberculata was performed against MRCNS. The results showed that the minimum inhibitory concentrations (MIC) of ethanolic 
extracts were different for each microbe. Killing curve determination showed that ethanolic extract of A. cordifolia leaves and T. 
tuberculata stem could inhibit the growth of tested bacteria. The greatest inhibitory action was produced by Tinospora 
tuberculata and Zingiber officinale against Pseudomonas aeruginosa.  Killing curve determination showed that ethanolic extract 
of A. cordifolia leaves and T. tuberculata stem had bacteriostatic effect against tested bacteria. T. tuberculata and A. cordifolia 
are potential to be developed as an antibacterial drug. 
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1. Introduction 
Infection is invasion and multiplication of microorganisms in body tissues, especially that causing local cellular 
injury due to competitive metabolism, toxins, intracellular replication, or antigen-antibody response. Antimicrobial 
agents are commonly used to treat infection and often misused. The inevitable consequence of the widespread use of 
antimicrobial agents has been the emergence of antibiotic-resistant pathogens, fueling an ever-increasing need for 
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new drugs1.  
Plant has potential as new candidate antimicrobial agents. Plants contain a lot of chemical compound which can 
be antimicrobial. One of the largest classes of naturally-occurring polyphenolic compounds are the flavonoids. This 
group of plant pigments is largely responsible for the colors of many fruits and flowers, and over 4,000 flavonoid 
compounds have been characterized and classified according to chemical structure. The word flavonoid comes from 
the Latin flavus which means yellow; however some flavonoids are red, blue, purple, or white. They were 
discovered, along with vitamin C, in 1928 by Albert Szent-Gyorgyi, who called them vitamin P2,3. Six flavonoids 
isolated from Galium fissurense, Viscum album ssp. album and Cirsium hypoleucum showed in vitro antimicrobial 
activity against all the isolated strains of K. pneumoniae similar to the control antibacterial (ofloxacin)4. The 
methanolic extract of Thespesia populnea flowers which contain flavonoids alkaloids, tannins and anthraquinone 
glycosides showed in vitro antimicrobial activity against thirteen microbes include Rhodococcus terrae, 
Micrococcus flavum, Brevibacterium leuteum, Flavobacterium devorans, Shigella sonei, Shigella flexneri, Shigella 
boydii, Shigella dysenteriae, Escherechiae coli, Bacillus lichenformis, Proteus mirabilis, Klebseilla pneumoniae, and 
Micrococcus leuteum at 1000 ppm5.  
Another compounds that exist widely in food, medicinal herbs and other plants is steroid / triterpenoid. It have 
been shown to have anti-microbial activity, such as growth inhibition of Staphylococcus aureus, gram-negative 
organisms, and Microsporium lenosum6. It also have activity against Bacillus subtilis7. Triterpenoids from Vernonia 
auriculifera Hiern exhibit antimicrobial activity against Staphylococcus aureus, Bacillus subtilis, Enterococcus 
faecium, Staphylococcus saprophyticus, Stenotrophomonas maltophilia, Klebsiella pneumonia, and Pseudomonas 
aeruginosa8. 
The present study investigated the antimicrobial activity of six plants (Tinospora tuberculata Beumee, Anredera 
cordifolia (Ten.) Steenis, Kaempferia galanga L., Curcuma zedoaria (Berg.), Zingiber officinale Rosc., and Morinda 
citrifolia Linn.) against ten microbes (drug-sensitive and drug-resistant microbes).   
2. Experiments 
2.1. Material 
The stem of T. tuberculata were collected from Bandung. The leaves of A. cordifolia, rhizomes of Z. officinale 
and C. zedoaria were collected from Manoko, Lembang. The rhizomes of K. galanga and fruits of Morinda citrifolia 
were collected from Subang. The identifier was confirmed at the Herbarium Bandungense, Bandung Institute of 
Technology. 
The tested microorganisms were Bacillus cereus KTCC 1061, Bacillus subtilis KTCC 1021, Candida albicans 
ATCC 10231, Escherichia coli H7 (0157), MSSA (Methicillin-Susceptible Staphylococcus aureus) 1, MSCNS 
(Methicillin-Susceptible Coagulase-Negative Staphylococcus) 6, MRCNS (Methicillin-Resistant Coagulase-
Negative Staphylococcus) 24 dan 25, MRSA (Methicillin-Resistant Staphylococcus aureus) 23, Pseudomonas 
aeruginosa, dan VRE (Vancomycin-Resistant Enterococcus) 8-5. They were obtained from Scholl of Pharmacy, 
Bandung Institute of Technology  
2.2. Methods 
2.2.1. Preparation of crude plant extract 
The dried and powered plants material (100 g) were extracted by repeated refluxing with ethanol (1 L) for 3 hours 
at 80Ԩ. The combined ethanol extract evaporated to obtain thick extracts. 
2.2.2. Phytochemical screening of extract 
Test for alkaloids. Five ml of dilute ammonia solution were added to a portion of plant extract followed by 
addition of chloroform and filtered. The filtrate was tested with Dragendorffs reagent.  
Test for flavonoids. A portion of plant extract were added to 100 mL of water followed by filtration after the 
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water boiling. The filtrate (A) was added by magnesium powder, concentrated HCl, and amil alcohol. Colour 
formation indicated presence of flavonoids. 
Test for saponin. About 10 ml of filtrate A shaken in test tube for 15 minutes. One cm layer of foam indicated 
presence of saponin.  
Test for quinon. About 5 ml of filtrate A was added by dilute potassium hydroxide (1 N). Development of red 
color indicated the presence of anthraquinones. 
Test for steroids/triterpenoids. A portion of plant extract were macerated with ether for 2 hours followed by 
filtation and evaporation. The residue was added by 2 drops acetic anhydride and 1 drop concentrated HCl. The 
color changed from violet to blue or green in samples indicated presence of steroid/triterpenoids. 
2.2.3. Minimum inhibitory concentrations assay and Time-kill curves 
The minimum inhibitory concentrations (MICs) for all of the plant extracts were determined by the broth 
microdilution method9.  
Bactericidal/bacteriostatic activities of the selected extracts were also evaluated using time-kill curves on Bacillus 
subtilis, Escherichia coli, MRCNS, dan Pseudomonas aeruginosa. For time-kill assays, a standard inoculum of 
approximately 106 CFU/mL was used. The concentrations tested in Nutrient Broth were 1, 2, 4, and 8 × MICs. 
Viable cell counts were performed at different intervals for 24 h at 37 °C. The rate and extent of killing was 
determined by plotting viable colony counts (CFU/mL) against  time10. 
3. Results and Discussion 
Preliminary phytochemical screening of crude extract showed the presence of steroid/triterpenoids in all plant 
extracts tested. Flavanoids presence in T. tuberculata, A. cordifolia, C. zedoaria, K. galanga, and Morinda citrifolia 
(Table 1). 
 
Table 1: Preliminary Phytochemical Screening of the Extracts 
Phytochemical T. tuberculata A. cordifolia 
Z. 
officinale K. galanga 
Morinda 
citrifolia C. zedoaria 
Alkaloids + - + + - - 
Flavonoids + + - + + + 
Saponin - + - - - - 
Quinon - - - - - - 
Steroids/ 
triterpenoids + + + + + + 
Antimicrobial effect of six plant extracts are presented in Table 2. From the results, the extract of T. tuberculata 
stem had good activity against B. cereus, MRCNS, E. coli, and P. aeruginosa with MIC respectively 256, 256, 256, 
and 128 μg/mL. Extract of A. cordifolia leaves has activity against B. cereus, B. subtilis, MSSA, MRCNS, E. coli, 
and  P. aeruginosa with MIC respectively 256, 256, 512, 512, 256, and 256 μg/mL. Extract of Z. officinale rhizomes 
has activity against B. cereus, MSSA, and P. aeruginosa with MIC respectively 512, 512, and 128 μg/mL. 
 
Table 2: Antibacterial Activity of the Extracts 
Microbe (s) 
MIC (μg/mL) 
T. tuberculata A. cordifolia K. galanga C. zedoaria Z. officinale Morinda citrifolia 
B. cereus 256  256  1024  1024  512  > 2048  
B. subtilis > 2048  256  2048  2048  1024  2048  
MSCNS  1024  1024  2048  2048  1024  2048  
MSSA 1024  512  > 2048  1024  512  2048  
MRCNS 256  512  2048  1024  1024  2048  
MRSA > 2048  > 2048  > 2048  > 2048  > 2048  > 2048  
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VRE 2048  1024  > 2048  2048  1024  > 2048  
E. coli 256  256  2048  1024  1024  2048  
P. aeruginosa 128  256  2048  1024  128  1024  
C. albicans 1024  1024  > 2048  2048  > 2048  > 2048  
 
From the result of MIC(s) determination, killing curve assay from extract of A. cordifolia leaves against MRCNS 
(Figure 1),  B. subtilis (Figure 2),  E. coli (Figure 3),  and P. aeruginosa (Figure 4) was performed. The killing curve 
assay also performed to the extract of T. tuberculata stem against MRCNS (Figure 5). This assay showed that extract 
of A. cordifolia leaves and T. tuberculata stem had bacteriostatic effect against all of the tested bacterias. 
 
 
Figure 1. Time-kill curves of MICs of A. cordifolia leaves extract  against MRCNS. 
 
Figure 2. Time-kill curves of MICs of Anredera cordifolia leaves extract  against B. subtilis . 
 
Figure 3. Time-kill curves of MICs of A. cordifolia leaves extract  against E. coli. 
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Figure 4. Time-kill curves of MICs of A. cordifolia leaves extract  against P. Aeruginosa. 
 
Figure 5. Time-kill curves of MICs of Tinospora tuberculata stem extract  against MRCNS. 
There are six plants extracts were tested in this research. They have many traditional uses, including headache, 
fever, stomachache, also can be used as antibacteria/antimicrobes and antiinflammation11. These effect may be 
caused by the presence of secondary metabolites in plants such as alkaloid, flavonoid, saponin, quinon, and 
steroid/triterpenoid. In this study, we confirmed that each extract contain at least two types of secondary metabolite 
which responsible for its effects. 
From the antibacterial effect screening, the most potential extract are binahong (A. cordifolia) and bratawali (T. 
tuberculata) since they can inhibit more bacteria with lower MIC. A. is one species of Basellaceae which empirically 
has many benefits for treating diseases. Familia Basellaceae have a variety of species, one of it is A. cordifolia. In 
this study, we confirmed the previous research which report that A. cordifolia leaves contain flavanoids, saponin, 
and steroids/triterpenoids12. Bratawali stem contain alkaloid, flavonoids, and steroid/triterpenoid. It has been shown 
that flavonoids and steroids/triterpenoids have anti-microbial activity4,5,6,7,13. 
One of the earliest antimicrobial susceptibility testing methods was the macrobroth or tube-dilution method. The 
miniaturization and mechanization of the test by use of small, disposable, plastic “microdilution” trays has made 
broth dilution testing practical and popular. The advantages of the microdilution procedure include the generation of 
MICs, the reproducibility and convenience of having preprepared panels, and the economy of reagents and space 
that occurs due to the miniaturization of the test. There is also assistance in generating computerized reports if an 
automated panel reader is used14.  
A. cordifolia has anti-microbial effect; it was a broad spectrum antibacteria since it can inhibit gram-positive 
bacteria, gram-negative bacteria, and also fungi. MRSA is the most resistant bacteria since it can not be inhibited by 
all the extracts even at the highest concentration tested. MRSA is any strain of Staphylococcus aureus that has 
developed, through the process of natural selection, resistance to beta-lactam antibiotics, which include the 
penicillins (methicillin, dicloxacillin, nafcillin, oxacillin, etc.) and the cephalosporins. The evolution of such 
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resistance does not cause the organism to be more intrinsically virulent than strains of Staphylococcus aureus that 
have no antibiotic resistance, but resistance does make MRSA infection more difficult to treat with standard types of 
antibiotics and thus more dangerous. 
The effectiveness of an antimicrobial agent is measured by its ability to inhibit and kill bacteria. Time-kill curves 
are examples of bactericidal activity expressed as the rate of killing by a fixed concentration of an antimicrobial 
agent and are one of the most reliable methods for determining tolerance15. The A. cordifolia leaves and T. 
tuberculata stem extract at doses 1, 2, 4, and 8 times MIC caused slower bacteria growth than control  after 4 hours 
incubation period. Ciprofloxacin, as standard drug, showed high rate of killing during the initial exposure time, 
except for P. aeruginosa. This finding suggest that A. cordifolia leaves and T. tuberculata stem extract act as 
bacteriostatic and only inhibit the growth of the bacteria.  
4. Conclusion 
T. tuberculata and Anredera cordifolia are potential to be developed as an antibacterial drug especially for 
infection caused by MRCNS, P. aeruginosa, E. coli, and B. cereus 
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